prone to error due to the influence of anomalies and individual variations.
This problem can not be overcome nor can the determination of the normal condition be achieved without the systematic examination of as many cases of the same species as possible and the statistical analysis of the findings.
A study of Macaca cyclopis is in progress in this department from this standpoint under the supervision of Professor Satoh in which statistical consideration is given to the results from the examination of a large number of cases in an attempt to determine the standard condition of various organ' systems.
The present study was made as part of the project.
The material in the present study consisted of 25 bodies of Macaca cyclopis (12 males and 13 females) selected at random from the collection of Professor Satoh. These specimens had been fixed in formalin and preserved in this department.
Gross anatomical inspection of each side of the body was made in as much detail as possible using a dissecting knife and tweezers to determine the origin, insertion, nerve supply and relationships of the muscles. The minute portions were examined with the use of a loupe.
Wei-Bang Kang

Findings
In Macaca cyclopis the superficial lateral muscles of the neck which would correspond to the Sternocleidomastoideus of man consist of three independent muscles, i. e. the Sternomastoideus, the Cleidomastoideus, and the Cleido-occipitalis.
M. sternomastoideus
This muscle, located the most medially (toward the midline) among the three muscles, arises usually from the anterior surface of the manubrium.
It runs upward and lateralward to insert into the mastoid process (behind the acoustic opening) of the temporal bone. During its course the anterior edge is free while the posterior edge lies in contact with the other two muscles.
The origin in the majority of cases is by a single head from the anterior surface near the upper edge of the manubrium (88%), but in a few cases the origin was slightly higher being from the upper edge of the sternum (4%). Some cases had origin by two heads. That is, there was an additional muscle bundle arising from the sternoclavicular mastoideus with which it forms a common tendon in the region near its insertion into the mastoid process (behind the acoustic opening) of the temporal bone. The width of the tendon of the Sternomastoideus and that of the Cleidomastoideus are usually of about equal size and they overlap each other in the region where they unite. In one case, however, the width of the tendon of the former was less than that of tha latter so that the insertion of the latter was partially exposed.
The nerve supply to this muscle in the majority of cases was by a branch from only the spinal accessory (eleventh cranial) nerve (62.5 %). There also were cases in which the supply was by an anastomosing branch between this nerve and the ventral division of the second cervical nerve (22.5%), and others in which innervation was by the spinal accessory (eleventh cranial) and the second and third cervical nerves (10%), or by the spinal accessory (eleventh cranial) and the third cervical nerve (5%). No case, however, was found to be supplied by only the cervical nerve.
M. cleidomastoideus
In all cases of Macaca cyclopis this muscle arose muscularly by a single head from the upper anterior surface, upper surface, and the upper posterior surface of an area at about the medial one-sixth of the clavicle, and was directed toward the region behind the acoustic opening.
This muscle is covered anteriorly throughout its course by the Sternomastoideus and the Cleido-occipitalis. That is, at the origin the lateral third of this muscle lies beneath the Cleido-occipitalis, but the area covered gradually decreases until the upper third of this muscle near its insertion simply lies adjacent to the anterior edge of that muscle.
On the other hand, this muscle is separated from the Sternomastoideus at the origin but is soon overlapped by that muscle, and the area near the insertion is completely covered. Furthermore, at the insertion the tendon of the Sternomastoideus and the fasciculi of this muscle fuse with each other to form a common tendon which attaches to the region behind the external acoustic opening of the mastoid process.
Examination of the extent to which this muscle is covered by the Cleido-occipitalis showed that the lateral third of this muscle is covered in the region of the origin in the majority of cases (90%) , but there are some cases in which a wider area involving the lateral half was covered (10%).
At the insertion this muscle partially overlaps the Splenius capitis . The nerve supply to this muscle in most cases was by only the spinal accessory (eleventh cranial) nerve (60%) followed in frequency by cases with innervation by the spinal accessory (eleventh cranial) and second cervical nerve (22.5%), by the spinal accessory (eleventh cranial) and the second and third cervical nerves (10%) , and by the spinal accessory (eleventh cranial) and third cervical nerves (7 .5%). There was no case with supply by only the cervical nerve .
M. cleido-occipitalis
This muscle, which lies on the lateral side of the Cleidomastoideus and located the closest to the Trapezius, was identified as a separate independent muscle in all cases of Macaca cyclopis. The origin in all cases was muscularly from the anterior surface of an area at the medial quarter of the clavicle. The origin of this muscle was slightly less wide than the Cleidomastoideus and partially overlapped the origin of that muscle. Examination of the extent of this overlapping at the origin showed it to cover the lateral third of the Cleidomastoideus in the majority of cases (90%), but in a few cases the area of overlapping was greater and it covered the lateral half (10%) . The degree of overlapping decreases during the course of this muscle until the upper third of this muscle near its insertion simply lies adjacent to the lateral edge of that muscle which is entirely covered instead by the Sternomastoideus.
In association with this, this muscle is located adjacent to the lateral edge of the Sternomastoideus in this region. The upper third of this muscle spreads out in fan-shape and the insertion in all cases was tendinously into the lateral half of the superior nuchal line of the occipital bone. Fusion with the Trapezius was found in no case.
The nerve supply was by the spinal accessory (eleventh cranial) nerve in most cases (55%), followed in order of frequency by cases with innervation by the spinal accessory (eleventh cranial) and second cervical nerves (27.5%), by the spinal accessory (eleventh cranial) and the second and third cervical nerves (12.5%), and by the spinal accessory (eleventh cranial) and third cervical nerves (5.0%).
4. Relation between the superficial lateral muscles of the neck and the nerve supply The nerve supply to these three muscles which form the Sternocleidomastoideus was described in the preceding sections.
The spinal accessory nerve always contributed to the nerve supply and although further contribution by the cervical nerve was frequently found, there was no case with supply by only the cervical nerve.
The main trunk of the spinal accessory (eleventh cranial) nerve, after emerging from between the posterior belly of the Digastricus and Atlantoscapularis anterior, runs along the upper surface of the latter muscle and passes lateralward by the deep surface of these three muscles to enter between the Atlantoscapularis anterior and the Trapezius.
During its course muscular branches are sent off to these three muscles.
At such time the main trunk of the spinal accessory (eleventh cranial) nerve first approached the Cleidomastoideus and in some cases gave off muscular branches to these three muscles after penetrating into the upper third, i. e. the area toward the insertion of the Cleidomastoideus from its deep side (30%). In most cases it did not penetrate this muscle but ran along the deep side of this muscle and gave off muscular branches (70%). In many of the cases in-which muscular branches wore given off after the nerve penetrated the Cleidomastoideus, the main trunk of the spinal accessory (eleventh cranial) nerve anastomosed with the cervical nerve after penetrating the muscle (83.3%), but in some cases a branch of the spinal accessory (eleventh cranial) nerve united with the cervical nerve (8.3%), while in others the anastomosis between the branch of the spinal accessory (eleventh cranial) nerve and the cervical nerve occurred within the muscle (8.3%).
Next, examination of the site at which the innervating nerve entered each muscle revealed that the site of entry was generally in the area of the middle third of the muscle. That is, for the Sternomastoideus, the site of entry was the middle third of the muscle and moreover from the outer surface in the majority of cases. In addition, entry from the inner surface was found in one case each on the left and right side, respectively.
There was no case with entry of the nerve into the lower third of the muscle.
For the Cleidomastoideus, the site of entry was the middle third in most of the cases, the others being at a point in the upper third. Further, among cases with entry into the middle third, the nerve entered from the outer surface of the muscle in the majority, followed in frequency by cases with entry from the inner surface, and a few cases had entry from the anterior surface or a branch was given off from the penetrating nerve within the muscle.
On the other hand, among cases in which the nerve entered into the upper third of the muscle, entry from the inner surface and supply by a branch given off to the muscle from the penetrating nerve were seen, respectively, at about equal frequency.
There was no case with entry from the anterior surface or into the lower third of the muscle.
For the Cleido-occipitalis, the site of entry in the greater part of the cases was the posterior surface of the middle third of the muscle. In a small number of cases the nerve entered from the posterior surface of the upper third of the muscle. No case had entry of the nerve into the lower third of the muscle.
The nerve supply differed between the Sternomastoideus and the Cleidomastoideus in three cases (left side only).
Case number #28, male #51, male $7, female Sternomastoideus Accessory (XI) XI XI, C2, C3 Cleidomastoideus Accessory (XI), C. XI, C2, Cs XI Moreover, it seems that in these cases having a different condition of nerve supply the Sternomastoideus tended to arise by two heads when there was supply by the cervical nerve and the spinal accessory (eleventh cranial) nerve.
The extent to which the origin of the Cleidomastoideus is overlapped by the Cleido-occipitalis seems to be greater in cases innervated by both the spinal accessory (eleventh cranial) and cervical nerves than in cases supplied by only the spinal accessory nerve.
Discussion
The superficial lateral group of muscles of the neck in Macaca cyclopis corresponds to the so-called Sternocleidomastoideus of man, and is formed by three definitely separate, independent portions, i. e. the Sternomastoideus, the Cleidomastoideus, and the Cleido-occipitalis .
Embryologically, this group of muscles is considered to be derived from the anterior part of the Trapezius, and theoretically it is said to consist of a superficial and a deep layer ; the superficial layer being formed by the Sternomastoideus superficialis, the Sterno-occipitalis and the Cleido-occipitalis, while the deep layer includes the Sternomastoideus profundus and the Cleidomastoideus (Eisler) .
On the other hand, there is the view that this muscle should be considered to be the Quadrigeminus capitis which is formed by four heads, i. e. the caput sternomastoideus, the caput sterno-occipitale, the caput Cleidomastoideus and the caput Cleido-occipitale, and the separation and union of these various combinations explain the variations of this muscle found in man (Krause).
Among the descriptions that have been made for primates, Schack has divided this muscle into the sternal and clavicular portions according to the site of origin, with mention of thc Cleido-occipitalis as an independent muscle. Michaelis, Sonntag, Stewart, Raven, Beattie, et al. have separated this muscle into two parts for which they used the terms Sternomastoideus and Cleidomastoideus. Howell and Straus have added the Cleido-occipitalis to this in Macacus rhesus.
In Macaca cyclopis three muscles were identified : That which arose from the anterior surface of the manubrium and ran toward the mastoid process ; that which ran from the medial tip of the clavicle to the mastoid process ; and the one which arose from the medial part of the clavicle and ran to the superior nuchal line.
M. sternomastoideus
This muscle has been studied in primates by Schack, Stewart, Sutton, Michaelis, Sonntag, Kurz, Eckstein, Beattie, et al. i) This muscle has been found in the above studies to arise by two heads in prosimiae (Schack), one head in hapalidae (Beattie) , and by one head (Ateles ater) or two heads (Cebus apella, Cebus fravus) in cebidae (Schack). Origin by one to three heads has been reported in cercopithecoidea, but the reports on macaque only mention origin by either one head (Macacus cynomolgus-Schack Macacus rhesusHowell and Straus) or three heads (Macacus maurus-Schtick).
There has been no description of origin by two heads such as found by the author in Macaca cyclopis.
ii) In Macaca cyclopis, when the origin is by one head, it was mostly from the upper anterior surface of the manubrium.
In a few cases the origin was from the upper edge of the sternum, but such origin from the upper edge of the sternum is reportedly very common. That is, from prosimiae to cercopithecoidea among simiae, the origin has frequently been described as being from the upper 'edge of the sternum or the jugular notch not only in cases with origin by one head but also in cases with origin by two or three heads. On the other hand, in animals higher than hominoidea, mention of origin from the upper edge of the manubrium is seen only in Anthropopithecus troglodytes (Schtick), and most descriptions in Orang (Michaelis, Stewart, Schilck) , Gorilla (Raven, Stewart) and Chimpanzee (Sutton, Champney) mention the anterior surface of the sternum or the lower edge of the manubrium (Sonntag). Therefore, it may be inferred from the foregoing that a lower origin represents an advanced trait.
iii) In primates, with the exception of Chimpanzee of Sonntag in which the tendinous band arising from the lower edge of the sternum continued directly to the neck, the origin of this muscle has been noted to be by a short tendon which immediately changes to muscle. The findings in Macaca cyclopis are exactly the same.
iv) Union of the tendon of origin on each side such as noted in Macaca cyclopis has been described in Cebus flavus (Schtick), Gibbon (Stewart) and Chimpanzee (Stewart) , but the tendon on each side are said to be separated from each other in Gorilla (Stewart) . v) Examination of the relationship between this muscle and the Cleidomastoideus in the region of the insertion has shown that these two muscles insert separately and independently in Tarsius (Eisler, Burmeister) .
However, fusion is generally seen between these two muscles in prosimiae to cercopithecoidea, and the condition in Macaca cyclopis is not exceptional.
Reports on anthropoid ape are inconsistent. Some reports describe these muscles to be separated while others say that they are fused in Hylobates syndactylus (Schtick), Orang (Fick, Bischoff) , Gorilla (Stewart, Raven), etc.
vi) The insertion has been reported to involve a wide area extending from the acoustic opening to the mid-nuchal line in all cases of prosimiae and Cebus flavus. Insertion into a moderately wide area extending from the mastoid process (acoustic opening) to the occipital line has been noted in cercopithecoidea and hominoidea, while the insertion has been found to extend over an area below and lateral to the acoustic opening in Cebus apella. In contrast to this, the insertion has been described as being comparatively localized to the mastoid process in Hapale jacchus, Macacus rhesus and Simia satyrus. Macaca cyclopis can be included in this category.
Schtick considered the Sternocleidomastoideus as being derived from the same anlage as the Trapezius, and described cases among Nycticebus tardigradus in which the Sternomastoideus was firmly united with the Trapezius.
No case with such a condition was found in Macaca cyclopis.
M. cleidomastoideus
This muscle in primates as a rule generally arises by a single head as noted in Macaca cyclopis. Descriptions of cases with origin by two heads can be found only among Cynocephalus babium (Michaelis), Papio amibis (Schack), Cynocephalus anubis (Michaelis), Cercopithecus sabaeus (Schack), Cercopithecus patas (Schack) and in Gorilla of Raven.
i) Descriptions on the site of origin are inconsistent so that discussion of this subject is difficult.
Nevertheless, in most cases the origin seems to be localized to the sternoclavicular region as in Macaca cyclopis. Although origin from a wider area extending to the medial part of the clavicle has been found by Schack in ateles, cebus, etc., these presumably are exceptional cases. The findings in Macaca cyclopis are in agreement with the findings that have been reported in cercopithecidae.
ii) The insertion has been reported to be into a wide area extending from the acoustic opening to the mid-nuchal line in Cebus flavus (Schack). A moderately wide area of insertion extending from the acoustic opening to the occipital line is seen in Ateles ater (Schack), most cercopithecoidea as well as in Simia satyrus (Schack) and Anthropopithecus troglodytes (Schack) among hominoidea, while the insertion extends downward and lateralward from the acoustic opening in Lemur macaco (Schack) and Cebus apella (Schack). In contrast to this the insertion in Macaca cyclopis was comparatively localized, but similar localization to the mastoid process has been found in Macacus rhesus (Howell and Straus), Gibbon (Stewart) , Simia satyrus (Primrose), Chimpanzee (Sonntag) and Gorilla (Raven, Stewart).
M. cleido-occipitalis
There appears to be lack of uniformity in whether there is independent separation of this muscle in primates (Eisler) , but this muscle has been described as being definitely separate and independent of the Cleidomastoideus in Cebus flavus and Macacus manrus of Schack and in Macacus rhesus of Howell and Straus.
The only other mention of such a condition has been made by Beattie in Hapale jacchus. Except for the above, the superficial lateral layer of muscles of the neck has been separated into only two parts, i. e. the sternal and clavicular portions even in the report of Schack, with no mention of the Cleido-occipitalis.
Eisler has stated that this muscle is absent in prosimiae, but the findings in my cases of Macaca cyclopis seem to indicate that it is usually present in macaque so that it may be a primitive trait.
The independent presence of this muscle is not necessarily infrequent in man as it has been reported in 3% of Japanese fetuses (Yonekura) , 20% of adults (Koura) , 9% of Chinese (Wagenseil) , 18% of Negroes (Loth) , and in 2 out of 6 cases of Caucasians (Wood) .
Nerve supply
The only discussion of the nerve supply to this group of muscles in primates has been made in the report of Schfick who described these muscles in prosimiae to be supplied by the spinal accessory and second cervical nerves or by the spinal accessory (eleventh cranial) and the second and third cervical nerves, while in catarrhine monkey some cases had supply by only the spinal accessory nerve and others had additional contribution by the cervical nerve. Furthermore, some cases of anthropoid ape also were reported to have innervation by the spinal accessory and cervical nerves.
These are generally similar to the findings in my cases of Macaca cyclopis.
In Macaca cyclopis, however, each of these muscles had the finding in common that the nerve supply was most frequently by only the spinal accessory nerve, but none of the muscles had supply by only the cervical nerve such as described by Schtick.
Summary
Gross anatomical inspection of the superficial lateral layer of muscles on each side of the neck in 25 bodies of mature Macaca cyclopis (12 males and 13 females) yield the followed results.
The superficial lateral layer of muscles of the neck in Macaca cyclopis is formed by three independent muscles, i. e. the Sternomastoideus, the Cleidomastoideus, and the Cleido-occipitalis.
M. sternornastoideus
i) This muscle usually arises by a single head from the front surface of the manubrium, but in a few cases an additional head was found arising from the articular capsule.
The origin is by a short tendon which immediately changes to muscle. The tendons of origin on each side are united with each other and lie covered beneath the fasciculi of origin of the Pectoralis major.
ii) This muscle, throughout its course, covers the anterior surface of the Cleidomastoideus with which it fuses at insertion.
iii) The insertion in all cases was the mastoid process (behind the external acoustic opening) but the area involved seems to be more localized than in other primates.
iv) The nerve supply in the majority of cases was by only the spinal accessory (eleventh cranial) nerve followed in frequency by cases with innervation by the spinal accessory (eleventh cranial) and second cervical nerves.
There also were cases with contribution by the third cervical nerve, but no case had supply by only the cervical nerve.
M. cleidomastoideus
i) This muscle in all cases arose muscularly by a single head from the sternal region of the clavicle. This is very similar to the condition in other macaca.
In the region of the origin the anterior surface of the lateral third is covered by the Cleido-occipitalis and the remaining part lies beneath the Sternomastoideus.
In the region of the insertion this muscle is completely covered by the Sternomastoideus.
ii) This muscle fused with the Sternomastoideus just before the insertion so as to form a common tendon which attaches to the mastoid process (behind the external acoustic opening).
The site of insertion was comparatively localized which is generally in agreement with earlier findings in primates.
iii) The nerve supply in the majority of cases was by only the spinal accessory (eleventh cranial) nerve followed in frequency by cases with supply by the spinal accessory (eleventh cranial) and second cervical nerves.
There also were cases with contribution by the third cervical nerve, but no case was found to be supplied by only the cervical nerve.
3. M. cleido-occipitalis i) This muscle, which is located the closest to the Trapezius, was found as an independent, separate muscle in all cases.
It arises muscularly from the anterior surface of an area at the medial quarter of the clavicle.
At the origin it overlaps the lateral third of the Cleidomastoideus, but the degree of overlapping gradually decreases until the upper third of this muscle simply lies adjacent to the lateral edge of that muscle.
ii) The upper third of this muscle spreads out in fan-shape, and inserts by tendon in all cases into the lateral half of the superior nuchal line of the occipital bone.
iii) The nerve supply in the majority of cases was by only the spinal accessory (eleventh cranial) nerve. Although there were cases with additional contribution by the second or third cervical nerve, no case had supply by only the cervical nerve.
Relationship
between the muscles and nerve supply i) The spinal accessory (eleventh cranial) nerve penetrated the Cleidomastoideus in a considerable number of cases. In most of these cases, the main trunk of the nerve after penetrating the muscle
